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AUTOMATED OPTICAL INSPECTION AND MARKING SYSTEMS AND METHODS 

Field of The Invention 

The field of the invention is automated optical inspection systems. 

Background of The Invention 

Currently known automated optical inspection ("AOI") systems often include a scanning 
mechanism for automatically identifying potential defects in an item being inspected, and a camera 
as part of an imaging mechanism for visually inspecting the potential defects to determine if they are 
actual defects. Such systems sometimes also include a marking mechanism capable of placing a dot 
on the item being inspected at a location on or near any actual defects. 

Such systems often store one or more programs that correspond to the item being seamed. 
Such programs provide the system with knowledge of the item being scanned and the methods to be 
used to complete the scan. Operation of the system will often start with utilizing a system interface 
to select the program that corresponds to the board. 

After selecting the appropriate program, an item to be inspected may be placed in or on a 
portion of the system designed to receive the item. The receiving portion of the system may 
comprise a table, and placing the item to be inspected may involve fastening the item to the table 
using toohng pins after properly positioning the item on the table. 

After positioning the item, a system interface is used to cause automated scanning of the 
item to take place. When the scanning is complete, the system will have a set of locations 
corresponding to points where any potential defects are located. 

At this point an operator will typically use the imaging portion of the system to visually 
inspect the areas/points previously identified by the system as containing a potential defect. The 
imaging portion of the system may include both a camera adapted to provide an operator with an 
image of a damaged portion of an item being inspected, and a video monitor for displaying the 
image. The camera will typically have a field of view that covers only a small portion of a surface of 
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the item being inspected, and an enlarged image of the portion of the item being inspected will be 
displayed on the monitor. 

If visual inspection of a location/area confirms that an actual defect exists, the operator can, 
via the system interface, cause the system to place a dot (generally about 15 mils in diameter) on or 
near the defect so that the location of the defect can subsequently be determined by repair personnel. 
This process is generally continued until all the potential defects have been examined, and all the 
actual defects identified by the operator have been marked. 

After actual defects have been marked, the item is removed from the system and 
subsequently repaired to remove any unwanted shorts and/or opens. 

Unfortunately, despite the automated detection mechanisms and semi-automated marking 
mechanisms, inspection and repair takes longer than is desirable. Thus, there is a continuing need 
for more efficient methods and devices for inspection and repair. 

Summary of the Invention 

The present invention is directed to an automated optical inspection system having a 
marking system for marking areas of a board containing one or more defects with a mark or marks 
which are readily visible to the naked eye and which indicated the type of defect in the area being 
marked. Such systems may be formed from existing systems by attaching a light source to the 
system camera and using the light source to identify the portion of a board being inspected so that an 
operator can manually mark the board. Systems that include automated or semi-automated marking 
systems for properly marking the board are also contemplated. 

Various objects, features, aspects and advantages of the present invention will become more 
apparent from the following detailed description of preferred embodiments of the invention, along 
with the accompanying drawings in which like numerals represent like components. 

Brief Description of The Drawings 

Figure 1 shows a prior art AOI system. 

Figure 2 shows a schematic view of an AOI system in accordance with the invention. 
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Detailed Description 

It has been found that using an improved method to mark defects on an item, such as a 
printed wiring board being inspected, can significantly improve the throughput of an inspection and 
repair process. Listead of simply marking the location of a defect with a small dot, it is better to 
mark the location utilizing a larger marking such as a circle or square that encloses the damaged 
portion. Larger marks tend to be more readily located by repair persormel. It is contemplated that 
marks which define an area approximately 500 mils (Vi inch) across maybe advantageously used. 
However, marks which define smaller areas may also be utilized. It is contemplated that marks 
defining an area greater than 100 mils across would be acceptable, an area greater than 300 mils 
desirable, and an area greater than 400 mils even more desirable. A mark may comprise a single 
closed figure or symbol, or may comprise a pluraUty of figures, symbols, marks, etc. which enclose 
or otherwise define an area having the desired size. 

In addition to using larger markings, it is desirable to use markings that provide an indication 
of the type of defect being marked. Thus, if the defect is an open it may be enclosed in a circle. If a 
short, it may be enclosed in a square. Using marks that indicate the type of defect marked provide 
inforaiation to repair persormel in a quick and direct fashion. Repair persormel need no longer take 
the time to reexamine each defect to determine the action required to repair it. Moreover, repairs of 
defects can be done in a batch fashion based on type as all defects of a similar type are readily 
identified by repair persormel. As an example, one may first fix all the shorts by repairing all the 
defects enclosed in circles, and subsequently fix all opens by repairing all the defects enclosed in 
squares. 

Although preferred markings will enclose an area containing a defect, alternative markings 
may simply provide a sufficiently large visual indicator of the location and type of a defect without 
actually enclosing an area containing the defect. 

For a given embodiment the marking mechanism used may be an automated one, or many be 
a manual one which requires an operator to write/place marks directly on the item being inspected. 
Although the automated mechanism may be more desirable in many instances, the manual 
mechanism may be readily adapted into existing AOI systems. 
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Although the AOI systems described have appHcabihty to many different types of items, they 
are particularly useful in inspecting printed wiring boards, interconnects, and metaUzed layers. For 
the sake of readability, the term "board" will be utilized in place of the phrase "item to be inspected" 
in the remainder of this disclosure. However, it should be kept in mind when reading the rest of this 
5 disclosure and the claims that the term board is intended to mean "item to be inspected". 

Referring to figure 1, a prior art AOI system 10 comprises a camera/imaging mechanism 
100, and an item receiving portion/table 200. Camera 100 and camera 200 are generally moveably 
coupled to each other via various mechanisms and structural members of system 10. Board 900 is 
an item to be inspected and marked which is currently positioned within the receiving portion/table 
10 200 of AOI system 10. Camera 100 is adapted to provide an operator with an image of a 
Ci damaged/defective portion 901 of the board 900, and has a field of view 101 that covers only a small 
tfi portion of the board 900. 

Referring to figure 2, such an AOI system may be easily modified to include a light source 
^= 300 to facilitate in the marking process, possibly by simply fastening the light source to camera 100. 

s 

CC5 Light source 300 is adapted to illuminate a portion of the board such that the illuminated 

Si portion 301 identifies the location of the damaged portion 901 that is currently, or was most 
J recently, in the field of view 101 of camera 100, and that was identified by an operator as containing 
N= an actual defect. It is important that the illuminated portion 101 of the board 301 be visible from 

outside the AOI system, preferably to the naked eye of an operator so as to allow the operator to 
20 locate and mark the damaged portion of the board. Although many different types of light sources 

would be suitable for use as fight source, a low power laser such as a laser pointer is acceptable. 

It should be noted that system 10 preferably leaves board 900 sufficiently exposed that an 
observer/operator has access to board 900 and is able to mark board 900 with one or more marks 
400 to identify the location of the damaged portion 901 of the board as well as the type of damage 
25 contained in the damaged portion 901 of the board and/or the type of action necessary to repair the 
damaged portion 901. 
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Operation of such a modified system will differ from that of prior art systems in a number of 
ways, one of which is that once an actual defect/damaged portion 901 has been identified, instead of 
instructing the AOI system to mark the location, light source 300 will be turned on and/or positioned 
as necessary to identify the location of an area containing the defect, and the operator will then 
5 manually write, stamp, or otherwise place the appropriate mark or marks 400 on the board. 

It is contemplated that in some embodiments the light source 300 will be incorporated in the 
AOI system in a manner that does not allow it to identify the location of a portion of the board at the 
same time that that portion of the board is within the field of view of camera 100. In some instances 
this will be compensated for by including a step for moving the light source after a defect has been 
10 identified. If the light source is attached to the camera, the movement step may simply involve 
^1 offsetting the position of the camera by a pre-determined amoimt to move the laser, and the location 
tfi of the illuminated portion of the board, to an appropriate location. Referring to figure 2, it can be 
U seen that light source 300 is attached to the outside of camera 100 and the spot of light/indicator 301 
f^' that it produces is located adjacent to rather than within the field of view 101 of camera 100. Thus, 
ffS to position indicator 301 over defect 901 as shown, the position of camera 100 must be moved to 
Pi reposition indicator 301 over defect 901. 

J^: Alternative systems may include automatic marking methods capable of marking the item in 

Ci the manner previously described. In such a system, the systems marking mechanism would need to 
be adapted to mark the board with the appropriate mark or marks 400. The determination of the 

20 type of mark to be used may be done automatically by the system and then verified by an operator, 
or may be manually selected by the operator via a system user interface. Manual selection may 
involve identifying the type of the defect, or may involve specifying the mark or marks to be used. 
It is contemplated that it may also be advantageous to provide visual feedback to the operator 
regarding the orientation and positions of the marks prior to their being placed on the board. Such 

25 visual feedback may be accomplished in many different ways such as by displaying an overlay 401 
on the monitor 500 (see figure 3) being used to visually inspect the board 900 to show where on the 
board 900 the mark 400 will be placed. The system would preferably display a WSIWYG (what- 
you-see-is-what-you-get) image 401 that corresponded to the currently selected size, color, shape, 
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and/or orientation of the mark or marks 400 to be placed on the board 900. Such a system may or 
may not include a light source 300 providing an area of increased brightness 301. 

In figure 4, marks 400 still identify an area of board 900 containing a defect 901, but marks 
400 do not comprise a single symbol or figure, but rather a plurality of symbols. 

Thus, specific embodiments and applications of improved optical inspection and marking 
systems and methods have been disclosed. It should be apparent, however, to those skilled in the art 
that many more modifications besides those already described are possible without departing from 
the inventive concepts herein. The inventive subject matter, therefore, is not to be restricted except 
in the spirit of the appended claims. 



